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基于流域尺度的农业用地景观-水质关联分析 
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摘  要：基于 Landsat 遥感影像进行九龙江流域不同坡度类型的农业用地景观与水质指标（CODMn、NH4+-N、TP）的相
关性分析，并分别对丰水期、枯水期、平水期的农业用地类型百分比与各水质指标进行线性回归。结果显示，坡度小于
15°和大于 25°的农业用地占总农业用地的面积比例与各水质指标呈较强的正相关。景观聚集度指数（CONTAG）与水体
中 TP 浓度呈显著正相关，决定系数为 0.565；香农多样性指数（SHDI）与水体中 TP 浓度呈显著负相关，相关系数为-0.527。
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16 条主要支流为目标，基于 DEM 进行支流子流域的划
分（图 1）。支流子流域可真实反映各点水流的流向、汇 
 
图 1  九龙江 16 个目标支流子流域位置图 
Fig.1  Location of sub-watersheds in the Jiulong River watershed 





种植情况说明如表 1 所示。 
表 1  各小流域概况 
Table 1  Overview of 16 sub-watersheds 
名称 面积/ km2 
人口/ 
万 大中型企业分布 农业种植情况 





苏溪 180 3.23 0 竹林、杨桃、蔬菜等
小溪 218 4.71 




浙溪 343 3.27 0 蔬菜、茶叶、竹林等
赤溪 145 1.31 0 蔬菜、茶叶、龙眼等
温水溪 385 5.9 0 蔬菜、茶叶等 
西公溪 55 0.75 0 蔬菜、龙眼、茶叶等
天宫溪 45 0.33 0 柚子林、蔬菜等 
下樟溪 43 0.47 0 蔬菜、水稻、甘蔗等











马洋溪 153 5.68 1 个无机碱制造业 蔬菜、香蕉、龙眼等
船场溪 1041 16.2 1 个铁矿采选业 蔬菜、香蕉等 






永丰溪 437 6.36 0 蔬菜、巨尾桉、香蕉
等 


























年的水质监测数据，监测指标为 CODMn、NH4+-N 和 TP。





3  结果与讨论 
3.1  各小流域土地利用与水质的时空分布 









图 2  各子流域土地利用与农业用地类型百分比 
Fig.2  Composition of land use/land cover (LULC) and farm land 
















在河流两岸 100 m 范围设立缓冲区，并对缓冲区内
农业用地类型在河流近岸的面积分布特征进行统计，各
小流域缓冲区内的农业用地比例为 10%～60%。其中不同
农业用地类型的组成如图 3 所示。 
 
 
图 3  100 m 缓冲区内农业用地类型分布 
Fig.3  Farm land use composition in 100 m riparian buffer 
 
























图 4  各子流域 CODMn、NH4+-N、TP 浓度 
Fig.4  Water quality of 16 sub-watersheds in the Jiulong River 
watershed 
 
3.2  流域农业用地景观-水质的关联分析 















表 2  各土地利用百分比与水质相关性分析（样本数为 16） 
Table 2  Correlations between percent LULC and water quality in 
16 sub-watersheds (N =16) 
类型 CODMn NH4+-N TP 
农业用地 0.204 0.036 0.165 
林地 -0.401 -0.308 -0.368 
草地 -0.289 -0.313 -0.512* 
水体 0.416 0.339 0.426 
建设用地 0.704** 0.644** 0.739** 
裸地 -0.043 -0.361 -0.247 
注：**表示在 0.01 水平相关性显著，*表示在 0.5 水平相关性显著。 
 



























表 3  农业用地类型百分比与水质相关性分析（样本数为 16） 
Table 3  Correlations between percent farm land use and water 
quality in 16 sub-watersheds (N =16) 
类型 CODMn NH4+-N TP 
农业用地Ⅰ 0.43 0.384 0.439 
农业用地Ⅱ -0.768** -0.759** -0.785** 
农业用地Ⅲ -0.591* -0.656** -0.664** 
农业用地Ⅳ -0.194 -0.215 -0.258 
农业用地Ⅴ 0.724** 0.719** 0.726** 
注：**表示在 0.01 水平相关性显著，*表示在 0.5 水平相关性显著。 
 











表 4  农业用地景观指数与水质指标相关性分析（样本数为 16） 
Table 4  Correlations between farm landscape and water quality in 
16 sub-watersheds (N =16) 
景观指数 CODMn NH4+-N TP 
PD -0.087 -0.252 -0.262 
LPI 0.025 0.009 -0.003 
LSI -0.017 -0.23 -0.214 
CONTAG 0.438 0.479 0.565* 
COHES 0.167 0.065 0.122 
SHDI -0.408 -0.44 -0.527* 
注：**表示在 0.01 水平相关性显著，*表示在 0.5 水平相关性显著。 
 









图 5  不同时期农业用地Ⅴ百分比与水质指标的线性回归 
Fig.5  Linear regression between percentage of Class V of farm 
land and water quality in the Jiulong River watershed 
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Analysis on linkage between farm landscape and water quality in Jiulong 
River watershed 
 
Sun Qinqin1,2, Huang Jinliang1※, Hong Huasheng1,2, Li Qingsheng1, Lin Jie1, Feng Yuan1 
(1. Environmental Science Research Center, Xiamen University, Xiamen 361005, China; 
2. State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, China) 
 
Abstract: Correlation analysis was performed to explore the relationships between CODMn, NH4+-N, TP and farm 
landscape in the Jiulong River watershed. Linear regressions between water quality and farm land percents were also 
processed in flood season, dry season and average season. The results showed that the total proportion of farm lands 
located in the slopes less than 15 degrees and greater than 25 degrees were positively correlated with CODMn, NH4+-N 
and TP concentrations in the water. Contagion index (CONTAG) of farm lands was positively correlated with TP 
concentrations, and Shannon Diversity Index (SHDI) of farm lands was negatively correlated with TP concentrations. 
The determinate coefficients were 0.565 and -0.527, respectively. Water eutrophication was susceptible to farm land 
pollutions in flood season and dry season. The farm lands located in the slopes less than 15 degrees took up 74.3% in the 
100m-width riparian buffer. The farm lands located in the riparian buffer and in the deep slopes played a crucial role in 
water quality management, especially the non-point source pollution control in the Jiulong River watershed. 
Key words: water quality, farm, environmental impact, non-point source pollution, slope, landscape metrics  
